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Abstract
Background Sleep disturbance is a common problem for care-
givers. In general, patients with Duchenne muscular dystro-
phy (DMD) use noninvasive ventilation to maintain quality of
life and improve survival.
Objective The aim of this study was to evaluate the sleep
quality of caregiver-mothers of sons with DMD and factors
that are associated with their sleep quality.
Methods We evaluated 32 caregiver-mothers of sons with
DMD and 32 mothers of sons without any neuromuscular or
chronic disease (control—CTRL group). The evaluation of
quality of sleep was made using the Pittsburgh Sleep Quality
Index (PSQI).
Results Caregiver-mothers had poor sleep quality, specifically
longer sleep latency and reduced sleep efficiency. The im-
paired sleep quality of the caregiver-mothers was associated
with the length of time of noninvasive ventilation used by
their sons.
Conclusions Our results suggest that caregiver-mothers of
sons with DMD have poor quality of sleep, and the length of
use of noninvasive ventilation of their sons is associated with
better sleep of caregiver-mothers.
Keywords Sleep . Caregiver . Bi-level positive airway
pressure device (Bi-PAP) . Duchennemuscular dystrophy .
Mothers . Noninvasive ventilation
Introduction
The importance of caregivers has increased substantially
throughout the years. This is due to two main factors: an
increase in the prevalence of some conditions that lead to the
need for personal care [1, 2] and increased awareness regard-
ing the importance of the role of caregivers in some condi-
tions. However, such increased importance has highlighted
the need for more attention to be paid towards the health and
quality of life of the caregivers [3].
The role of a caregiver is associated with emotional, phys-
ical, social, and financial impairments [4], leading to particular
stress conditions [5]. In general, caregivers tend to be women
family members, usually a wife or mother. Caregiving has
been linked to sleep disturbance [6, 7]. Poor sleep quality is
a common problem that affects caregivers of patients with
chronic disease, especially in relation to shorter sleep times,
decreased sleep efficiency, longer latency of sleep onset, more
frequent awakenings after sleep onset, and daytime fatigue
[7]. In caregivers of children with cancer, the caregivers have
chronic partial sleep deprivation, poor sleep quality, and im-
paired daytime functioning [8, 9]. Approximately two thirds
of caregivers have sleep disorders [6]. These sleep distur-
bances lead to global health impairment, including mood
and alertness disturbances [10] and sleepiness-related acci-
dents [11].
Duchenne muscular dystrophy (DMD) is a neuromuscular
disorder that causes serious health consequences that include a
progressive inability to walk, impairment of the respiratory
system [12], and sleep-disordered breathing [13]. Due to these
conditions, the full-time presence of a caregiver is required in
most cases.
Caregiver-mothers of patients with DMD are susceptible to
sleep problems, and this, in turn, may affect their quality of life
and health. However, the associated factors with this
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impairment of sleep are not well defined. Thus, our objective
was to evaluate the subjective quality in caregiver-mothers of
sons with DMD, as well as to identify associated factors with
the poor quality of sleep of these caregiver-mothers.
Material and methods
Study participants
The group of caregiver-mothers of sons with DMD
(caregivers) was recruited from the Center of Treatment of
Neuromuscular Diseases, São Paulo, SP, Brazil. This center
provides care for patients with neuromuscular disease, includ-
ing DMD. The control (CTRL group, non-caregivers) was
made up of mothers of sons without neuromuscular or chronic
disease. The control subjects were recruited through disclo-
sure and selected after interview if they met inclusion criteria.
The subjects of the control group were matched in relation to
age and body mass index (BMI) with the subjects of the
caregiver-mother group. In both groups, the subjects were at
least functionally literate. The inclusion criterion for the
caregiver-mother group was to be a caregiver-mother of a
son with DMD. For the CTRL group, the inclusion criterion
was to be a mother of a son living at home without neuromus-
cular or chronic disease.
Ethics statement
This was a cross-sectional, observational study approved by
the Ethical Committee of Research of the Federal University
of São Paulo (CEP #034176/2013) and is part of a larger study
regi s t e red in Cl in ica lTr ia l s .gov ( Iden t i f i ca t ion
NCT01921374). All participants read and signed an informed
consent form.
Measures
All volunteers were classified in relation to menstrual status,
either as premenopausal or postmenopausal, as previously de-
scribed in other studies [14, 15]. BMI was calculated using the
formula weight/height2.
Participants were questioned about the use of any drugs
(e.g., antidepressants and oral contraceptives) and about pre-
vious illnesses, including depression. For caregiver-mothers
of sons with DMD, information was collected about their
sons, including age, diagnostic time, use of a wheelchair,
age stopped walking, and use of noninvasive ventilation and
the duration of use. This information was confirmed using the
medical record of the son in our center. The diagnosis of DMD
had been confirmed by muscle biopsy and/or genetic
assessment.
Questionnaire
For sleep analysis, the Pittsburgh Sleep Quality Index (PSQI)
was used. This is an instrument for evaluating perceived sleep
quality during the previous month [16]. The questionnaire is
composed of 19 questions subdivided into 7 components:
subjective sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of a sleeping medica-
tion, and daytime dysfunction, which make up the final total
score. Each component has a range scale of 0–3, and the sum
of the seven components make up the global PSQI score.
Using the PSQI score, it is possible to define “good sleepers”
(score ≤5) and “poor sleepers” (score >5). This questionnaire
has been validated in Portuguese language [17].
Statistical analyses
Data that did not meet the assumptions of normality and
homogeneity were z-score-transformed for suitable
parametricevaluation. The statistical analysis for the descrip-
tion of the sample group was carried out using the general
linear model through one-way ANOVA. Chi-square test was
used to determine the association between the categorical var-
iables. To determine the possible associated factors with the
caregiver-mother poor sleeper, a binary logistic regression
was performed. The continuous variables chosen for the lo-
gistic regression were time of noninvasive ventilation (NIV)
(months), age of son, and age and BMI of caregiver-mother.
The categorical variable chosen for the logistic regression was
use of a wheelchair by the son.
To obtain the value of the crude odds ratio, selected vari-
ables were analyzed one by one in the binary logistic regres-
sion using the Enter method. This evaluation enables identifi-
cation of the odds ratio for each variable relative to the aim of
the study. Sequence in the logistic test was conducted using
the backward Wald method. This analysis first considers all
selected variables and then removes them one by one until
only those with the desired significance criterion remain.
The significance level was set at P≤0.05. Data are reported
as mean and standard deviation of the mean or frequency
percentage.
Results
Our sample consisted of 32 caregiver-mothers and 32 control
subjects, and the descriptive parameters show the characteris-
tics of caregiver-mothers of children with DMD compared to
mothers considered the CTRL group (Table 1).
The distribution of the sample according to scores of the
questionnaire PSQI showed a higher frequency of poor sleep
in the caregiver-mothers group (61.3 %) when compared to
the control group (29 %) (χ2=6.513, df=1, P=0.011).
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Table 2 presents the frequency and mean of the demo-
graphic data of the sons of caregiver-mothers with good
sleep and poor sleep. The following factors were not sig-
nificant between the two groups: age of son (F1,26=1.992;
P=0.192), time since diagnosis in months (F1,26=1.062;
P=0.312), wheelchair use (χ2=89, df=1, P=0.765), and
use of NIV (χ2=1.094, df=1, P=0.296). The percentage
of NIV use (F1,16=506; P=0.487) and mean of daily NIV
use (F1,16=875; P=0.363) were also found to be not sta-
tistically different between groups. However, having been
using NIV over a short period appears to have an effect on
the sleep of caregiver-mothers. The sons of mothers who
were classified as good sleepers had an average of
63 months use of the NIV device, while the sons of poor
sleepers had only 24 months of mean of use (F1,26=5.101;
P=0.033). The length of time in months of use of the NIV
device by son of caregiver-mothers, poor and good sleep-
er, is depicted in Fig. 1.
Table 4 depicts the logistic model used to identify
the associated factors for poor sleep in caregiver-
mothers. The length of time of use of noninvasive ven-
tilation shows that the model has statistical reliability
(−2LL=33.535; Cox-Snell R2=0.155; Nagelkerke R2=
0.208). The length of the time of use of noninvasive
ventilation was considered a protective factor related to
good sleepers (adjusted OR=0.98, CI 95 % 0.96–0.99;
P=0.024).
Discussion
In the present study, over 60 % of the caregiver-mothers had
impairment of their sleep, particularly longer sleep latency.
The short time of use of the NIV device by their sons was
the factor associated with the poor sleep.
Table 1 Demographic data of the
caregiver-mothers and control
group
Control group, N=32 Caregiver-mother
group, N=32
P
Age (years) 46.0±7.1 46.2±8.1 0.870
Body mass index 26.7±3.9 26.1±6.2 0.632
Number of children (n) 2.1±0.6 2.3±1.0 0.229
Marital status (with partner) 25 (78.1 %) 24 (75 %) 0.768
Menopause (yes) 13 (40.6 %) 13 (40.6 %) 1.000
Practice of physical exercise (yes) 9 (36 %) 6 (21.4 %) 0.240
Use of an antidepressant (yes) 1 (3.1 %) 4 (12.5 %) 0.162
Ethnicity 0.961
White 19 (61.3 %) 18 (56.2 %)
Afro-Brazilian 3 (9.7 %) 3 (9.4 %)
Native 6 (19.4 %) 8 (25 %)
Asian or others/unknown 3 (9.7 %) 3 (9.4 %)
Years of study 0.294
Up to 8 years 12 (38.7 %) 18 (58.1 %)
Up to 11 years 10 (32.3 %) 6 (19.4 %)
Up to 15 years 9 (29 %) 7 (22.6 %)
Table 2 Demographic









Age of son (years) 18.7±6.0 17.3±5.9 20.3±5.8 0.192
Time since diagnosis (months) 158.6±73.0 145.1±66.4 172.0±70.8 0.312
Son is a wheelchair user (yes) 28 (93.3 %) 17 (94.4 %) 11 (91.7 %) 0.765
Regular use of NIV (yes) 16 (55.2 %) 8 (66.7 %) 8 (47.1 %) 0.296
Nights used (%) 97.4±6.2 98.3±3.4 96.2±8.7 0.487
Mean of daily use (h) 11.3±4.1 12.3±8.7 10.1±9.4 0.363
Duration of NIV treatment (months) 41.2±45.7 24.8±36.3 63.0±50.4* 0.033
NIV noninvasive ventilation
*P statistical significance
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Studies have demonstrated that caregivers have poorer
sleep than non-caregivers [18, 19]. In our study, we also ob-
served that caregiver-mothers have worse sleep quality than
non-caregivers, especially in the domain of sleep latency.
When observing the group of mother-caregivers we noted that
the group is mainly affected in aspects of subjective sleep
quality, sleep latency, sleep disturbances, and overall quality
of sleep (Table 3). In relation to caregivers of children who
used NIV, impairment in sleep caused by having to turn on the
equipment or to turn off the alarm has been observed [20, 21].
In our sample of caregiver-mothers, 55.2 % had sons who
used NIV. Interestingly, duration of NIV treatment was asso-
ciated with poor sleep of caregiver-mothers (Table 4). As
shown in Fig. 1, the length of time of use of NIVwas inversely
related to the quality of sleep of the mother. Thus, the
caregiver-mothers who had a poor quality of sleep were those
whose sons had been using the NIV for a relatively shorter
time (average of approximately 25 months). The caregiver-
mothers who had good sleep quality were the mothers of sons
who had been using NIV for a long time (about 63 months).
We emphasize the relevance of this finding of our study, since
the percentage of use of NIVand the average daily time of use
were not significantly different between the poor sleeper and
good sleeper groups of caregiver-mothers. The fact that the
length of use of NIV has this effect may be related to the better
psychological adjustment of the mother and/or behavior and
sleep of their sons. Patients with DMD have impaired sleep
patterns, especially sleep-disordered breathing, obstructive
sleep apnea [22], and hypoventilation [23]. Other sleep disor-
ders include difficulty in initiating and maintaining sleep.
Many patients show significant sleep fragmentation with fre-
quent awakenings for changes in body positions (by the care-
givers) due to pain or discomfort [24]. For these reasons, NIV
is indicated for DMD patients, a therapy that provides relative
“rest” for the respiratory muscles, improves the ventilatory
response to hypercapnia, and improves respiratory perfor-
mance (reduction in thoracoabdominal asynchrony and
recruiting areas of atelectasis). Thus, sleep patterns are repre-
sented by the decrease in respiratory events, sleep fragmenta-
tion, increased total sleep time, and REM sleep periods [25,
26]. The use of NIValso increases the life expectancy of these
patients [27]. However, patients depend on the help of a care-
giver to turn on and adjust the equipment, especially when the
patient is a child or has DMD which restricts movement.
NIV is associated with some risks, such as malfunction
or disconnection of equipment or power loss which can
cause the death of the patient who is dependent on NIV
[28, 29]. For this reason, the period at the beginning of
use of the equipment can be a time of adaptation for both
the patient and the caregiver-mother. Therefore, the expla-
nation to our findings might lie in the fact that after the
period of adaptation to NIV, the patient presents a contin-
uous sleep without fragmentation and that this is conse-
quently reflected in the improved quality of sleep of the
caregiver-mother.
The mean age of sons of caregiver-mothers was 18.7±
5.9 years, while caregiver-mothers with good sleep quality
had sons with a mean age of 20.3±5.8 years and caregiver-
mothers with a poorer quality of sleep had sons with a mean
age of 17.3±5.9 years.
Legend: NIV: noninvasive ventilation
Fig. 1 Duration of noninvasive ventilation treatment of the caregiver-
mother group for those with poor sleep and good sleep. NIV
noninvasive ventilation. *P < 0.05 compared with the poor sleeper group
Table 3 Components of the
Pittsburgh Sleep Quality Index Components (domain) Control group, N=31 Caregiver-mothers, N=31 P
Subjective sleep quality (D1) 0.65±0.66 1.70±1.06 0.128
Sleep latency (D2) 0.74±0.63 1.33±1.13a 0.014
Sleep duration (D3) 1.10±0.87 1.23±0.88 0.549
Habitual sleep efficiency (D4) 0.45±0.92 1.00±1.18a 0.050
Sleep disturbances (D5) 1.32±0.54 1.40±0.50 0.563
Use of a sleeping medication (D6) 0.10±0.40 0.40±0.92 0.102
Daytime dysfunction (D7) 0.26±0.58 0.40±0.72 0.399
Total score 4.61±3.9 7.17±2.3a 0.003
a * P<0.05 compared with the control group
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The effects in mothers of children with chronic illness
is usually greatest at the time of diagnosis but decreases
with subsequent adaptation due to better acceptance and
the adoption of appropriate coping strategies [30, 31],
suggesting that the coping and adjustment are more rele-
vant to the psychological outcome than the disease sever-
ity [32]. Psychological stress has an effect on sleep pat-
tern. Sleep impairment is associated with health problems,
such as cognitive deficits [33, 34] and sleepiness-related
accidents [11]. Thus, we would like to emphasize the im-
portance of good sleep quality for the caregiver-mother,
since this may compromise the activities and duties of the
caregiver as well as the patient care that is crucial for her
son’s survival and quality of life. Furthermore, another
study suggests that poor caregiver sleep decreases the
quality of life and increases the risk of morbidity [35].
Caregiver-mothers, as well as their sons with DMD, may
benefit from an evaluation in the home by a medical team.
Some limitations of the study need to be considered. First,
the study has a small sample size, an issue that may affect the
accuracy and generalizability of the results. Second, sleep
quality of the sons was not evaluated, as we prioritized the
caregiver-mothers. Third, our study was based on a subjective
analysis of sleep and an objective analysis may complement
the subjective findings. Fourth, we did not perform a longitu-
dinal evaluation of sleep quality before and after NIV.
Conclusion
Our results suggest that quality of sleep is poor in caregiver-
mothers of sons with DMD, especially those whose son has
only used noninvasive ventilation for a short length of time.
The longer-term use of NIVappears to result in an adaptation
by the caregiver-mother with consequent improvement in
sleep quality. Lastly, these results demonstrate the importance
and necessity of research on action to facilitate the use of NIV
in patients with DMD. The initial months of beginning NIV is
a critical time for caregivers during which they need intensive
social support. The findings of our study emphasize the im-
portance of achieving good sleep and good health for the
caregiver who is responsible for providing support to the
patient.
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